Ulceration of diabetic foot represents one of the most concerning complications associated with uncontrolled blood sugar in diabetes mellitus. The aim of this study is to evaluate the condition of twenty-two diabetic patients with different degrees of ulceration in their feet after daily secessions of carbon dioxide therapy. Blood flow to the affected foot was measured by Doppler; also the size, color, degree of ulceration and sensation of the ulcerative area were all evaluated. Results showed improvement of blood flow to the affected foot as well as improvement in the sensation and color of the ulcerative area. It was concluded that carbon dioxide therapy of diabetic foot was promising and needed thorough investigation to be brought widely into application.
Introduction
Diabetes mellitus (DM) is a metabolic disorder resulting from a defect in insulin secretion, insulin action, or both. Insulin deficiency leads to chronic hyperglycaemia with disturbances of carbohydrate, fat and protein metabolism [1] - [4] . As the disease progresses, tissue or vascular damage ensues leading to severe diabetic complications such as retinopathy [5] [6] , neuropathy [7] [8], nephropathy [9] [10] and cardiovascular complications [11] [12] . All these might end up with and foot ulceration which could be a serious problem that needs foot amputation [13] [14] .
Foot infection is a common problem with diabetes mellitus. It is a complex problem that is associated with admission of patient to hospitals [14] . Acute foot infection is usually caused by gram positive bacteria like Staphylococcus aureus and streptococci [15] . However, chronic infection is associated with anaerobic bacteria spe-cially Pseudomonas aeruginosa and Clostridium bochili [16] [17] .
Previously, management of diabetic foot infection involved the restoration of fluid and electrolytes balance, blood sugar, acidosis and azotemia if occurred [18] . In addition an antibiotic might be prescribed. The selection of the antibiotic might be based on the culture result to cover the microorganisms involved. The treatment may start parenterally to ensure high concentration of drug especially at the beginning [19] . Penicillins, cephalosporines, floroquines and cardapenes are examples of antibiotics prescribed in management of diabetic foot infection [20] .
Hyperglycemia is associated with neuropathy, connective tissue changes, angiopathy involving macroangiopathy (atherosclerosis) and microangiopathy. Foot infection is one of serious complications associated with poor controlled diabetes mellitus [21] .
Carboxytherapy is the use of CO 2 -rich water bathing which was developed in France in 1930. It was found that CO 2 helped in wound healing and fat accumulation in arteries [22] . The effect of CO 2 enriched water lies primarily in the vasodilitation which is due to the increase in nitrous oxide formation by CO 2 leading to vasodilatation and release of growth factor for angiogenesis which increases oxygen delivery to the area [23] .
The same principle is applied in the treatment of diabetic foot ulceration. Increase delivery of CO 2 to the ulcerated area will generate nitrous oxide liberation that will mediate the sequence of events that end up with increase oxygen and blood flow to the ulcerated foot [24] . The improved angiogenesis and oxygenation will result in healing of the ulceration.
The objective of this work is to evaluate twenty-two diabetic patients in Jordan who have foot ulcers and take carbon dioxide therapy as daily sessions each for 30 minutes for two weeks in terms of ulcer area and blood flow to the foot.
Methodology
Artificial carbon dioxide containing water for foot bathing was generated using Carbothera ® (Mitsubishi Rayon engineering com. Ltd.). The concentration of CO 2 used was 1000 ppm and the water temperature was 37˚C. Volume of water in the chamber was 2 liters enough to immerse the patient's foot.
Twenty-two diabetic patients (14 males and 8 females, age 45 -65 years) suffered from ulceration in their feet participated in this study. Different methods including prescribing antibiotics had failed to treat their infected ulcerative feet. Their ulcerative feet were examined and evaluated before and after CO 2 therapy.
The patients immersed their feet in a disposable bag containing carbon dioxide (1000 ppm) dissolved in water at 37˚C for 30 minutes each session. Then the plate of the device was cleaned by disinfectant to be ready for other patient. After the bath the foot was dried by clean dry tissue. These sessions were repeated daily for 15 days.
Four parameters were evaluated pre and post the treatment, Blood flow to the foot by Doppler flowmeter (Greyline-PDFM 5.1), size of the ulcerative area, color and sensation of the foot.
The ulcer size was measured by metered ribbon, while the color was evaluated by the following scale: (1 = normal skin, 2 = pink with no necrotic areas, 3 = blue minor necrosis, 4 = yellow, medium necrosis and 5 = black, deep necrosis).
The sensation of the area was evaluated by pressure pin performed by a dermatologist and the scale was: (1 = normal sensation, 2 = fair, 3 = slight sensation, 4 = poor sensation, and 5 = no sensation)
Rustles and Discussion
The improved circulation induced by carboxy therapy is due to improved tissue oxygenation. The hypercarpnia results in increase oxygen exchange between blood hemoglobin and myoglobuline of the peripheral tissues. It also decreases resistance of the arteries in the skin and muscles which dilate on account of the decline in pH. Carbonic acid is rapidly dissociated to bicarbonate and H+ as shown in the following equations: This differential pH change favors the unloading of oxygen in the tissues making hemoglobin more efficient transporter for oxygen [25] . It also permits the release of growth factor for angiogenesis [24] .
Some studies showed that vasodilation is mediated by nitric oxide which induces angiogenesis and suppresses vasoconstriction in response to cold by keeping the patients' feet warm [26] . Table 1 and Figure 1 showed improvement in the blood flow expressed by mean Doppler pressure pre and post treatment significantly (p > 0.5). This improvement would be reflected on better oxygenation of the area which would improve angiogenesis and render the area unsuitable for anaerobic bacteria.
Results shown in
The improved circulation was also expressed by changing of the colour of the ulcerative area from yellow which represents medium necrosis to blue which represents minor necrosis.
This indicates an improvement in the healing of these ulcerative areas as shown in Figure 2 .
The sensation of the patients ulcerative feet were also improved from poor sensation to some sensation upon evaluation after complete sessions Figure 3 . This improvement is due to improved blood circulation an angiogenesis as well as to optimization of blood sugar that might be associated with CO 2 therapy.
Results also showed that there was no significant change in the area of the ulceration (p < 0.5) after the specified time of therapy and this may be due to the fact that it needs more time than that of this study Figure 4 .
Statistical analysis of the same parameters between males and females proved that there were no significant differences in the evaluated parameters in males and females and p < 0.5 for all parameters.
The overall outcome of these sessions resulted in obvious improvement in the condition of each patient's ulcerative foot, but more time is needed to get the benefit of this result. 
Conclusion
Carbone dioxide therapy is beneficial in improvement of diabetic foot ulceration and it has increased blood flow to the affected foot, improved the sensation, and decreased the necrosis. Further work is needed for longer time treatment to ensure better results in complete healing.
